SYNOPSIS From the large number of techniques described for isolating tumour cells from the blood, five have been selected because they were those most widely used by previous workers and can be performed with a minimum of special apparatus. These techniques have been assessed for their efficiency in retaining tumour cells added to blood samples, in eliminating normal blood cells, and in preserving the morphology of the retained cells.
Those techniques which depend on the differing densities of blood and tumour cells were reliable in recovering tumour cells unaltered morphologically and at the same time eliminating most of the blood cells. Because of its simplicity the silicone flotation technique has been preferred for routine use. It has been known for 100 years that tumour cells sometimes enter the blood stream and occasional reports have recorded the finding of tumour cells in smears of capillary blood obtained by finger prick (Finkel and Tishkoff, 1960) . However, in view of the small number of tumour cells present compared with the red and white blood cells, the chances against such a finding are very great indeed. Generally speaking, in order to demonstrate tumour cells in the circulating blood it is necessary to eliminate the greater part of the normal blood cells, and many techniques have been devised for doing this. Such a technique, in order to be satisfactory, must also retain tumour cells with normal morphology and staining characteristics.
The purpose of the present investigation was to compare the efficiency of the techniques which have most often been employed by workers in this field and to determine which of them was most suitable for routine use.
PLAN OF THE STUDY
Each technique studied has been assessed for its ability to eliminate normal blood cells, to retain tumour cells, and to minimize damage to tumour cells and retain their staining characteristics unaltered. ' The work presented in this paper formed part of a thesis for the degree of M.S. (London). It was also presented to a meeting of the Surgical Research Society in November 1962.
Received for publication 31 May 1966. For this purpose the following experiments were performed:
ASSESSMENT OF ELIMINATION OF WHrTE BLOOD CELLS A white cell count was performed on a specimen of blood from a volunteer subject, and the total number of cells in a given volume (usually 5 ml.) was calculated. This volume of blood was then processed by the technique being studied. A white cell count was performed on the resulting specimen and the total number of cells present in the specimen was calculated. This number, expressed as a percentage of the number of cells originally present, was called the 'percentage recovery of white cells'.
ASSESSMENT OF ELIMINATION OF RED CELLS In most of the techniques studied the red cells are completely eliminated. However, in the sedimentation techniques a small number was retained, and in three experiments the percentage recovery of red cells by these techniques has been estimated.
ASSESSMENT OF RETENTION OF TUMOUR CELLS For
this HeLa cells were used. They were selected because they were human in origin, readily obtainable, and because they were large and easily distinguished from normal blood cells.
A bottle containing a monolayer culture of HeLa cells was shaken vigorously to obtain an even suspension of cells in the culture medium. A small quantity of the cell suspension was added to blood from a volunteer subject and mixed thoroughly. A 145 HeLa cell count was performed and the total number of HeLa cells in a given volume (usually 5 ml.) was calculated. This volume was processed by the technique being studied. A HeLa cell count was performed on the processed specimen and the total number of cells present in the specimen was calculated. This number, expressed as a percentage of the number of cells originally present, was called the percentage recovery of HeLa cells.
ASSESSMENT OF PRESERVATION OF CELL MORPHOLOGY
AND STAINING CHARACTERISTICS Blood, to which HeLa cells in suspension had been added, was processed by the technique under investigation. The cell suspension remaining after processing was centrifuged in a conical centrifuge tube for 15 minutes at 380 g. The supernatant fluid was aspirated and the cellular deposit resuspended in the drop of fluid remaining in the tube. This material was smeared on slides and allowed to dry. When dry, the smears were fixed and stained by the MayGrunwald-Giemsa technique before being examined.
METHODS AND RESULTS
Four groups of techniques have been investigated. GROUP 1: TECHNIQUES USING LYTIC AGENTS TO DESTROY SOME OF THE NORMAL BLOOD CELLS These techniques are the simplest of all, and were used by most of the early workers in this field. Saponin and acetic acid were the agents most commonly used, but both of these cause some damage to leucocytes and tumour cells. In an attempt to find a substance with selective lytic activity, Malmgren, Pruitt, del Vecchio, and Potter (1958) (1958) was studied with the following minor modifications: 5-0 ml. of blood was used instead of 20 ml., with a corresponding reduction in the quantity of streptolysin-O. The initial centrifugation, which in the original description was at 300 g for 25 minutes, was at 700 g for 15 minutes.
In six experiments the average recovery was 72% (range 52 %-83 %), the majority of these cells being lymphocytes. Alexander and Spriggs, 1960) have used dextran for the same purpose. Methods using fibrinogen and dextran The techniques studied were those described by Skoog and Beck (1956) . Both fibrinogen and dextran were used throughout as a 6 % solution in physiological saline, except in two experiments with dextran, in which a 3 % solution was used.
Six experiments with each substance yielded an average recovery of white cells of 95 % (range 85 %-102%) with fibrinogen and of 78% (range 69%-84%) with dextran. From three experiments with each substance the average recovery of red cells was 0-8 % (range 0-6 %-0 95 %) with fibrinogen and 3-4 % (range 2-7 %-45 %) with dextran.
In six experiments with fibrinogen and eight with dextran, the average recovery figures for tumour cells were: for fibrinogen 100% (range 75 %-126 %) and for dextran 77 % (range 64 %-93 %).
The morphology and staining characteristics were identical with either fibrinogen or dextran. Figure 1 shows part of a slide prepared by fibrinogen sedimentation. The HeLa cells are clearly seen and have a well-defined cell boundary. Nuclear detail is visible and several nucleoli can be seen. The morphology of the leucocytes is similar to that observed in an ordinary blood film. Fig. 3 a clump of cells, prepared by this technique. Many iron particles can be seen to be adherent to the cells, although they do not appear to have been ingested by them; the method used precluded the possibility that these particles are merely resting in contact with the HeLa cells.
It is suggested that HeLa cells in blood become similarly coated with iron particles when this technique is used, and that some of these cells are removed when a magnet is introduced into the blood. This may explain the occasional low recovery of tumour cells.
The saponin used in this technique and the mechanical trauma of stirring with the magnet cause some damage to the cells but staining characteristics were fairly well preserved. Table I and illustrated in Figure 4 .
Separation of the less dense from the more dense Wintrobe (1961) PoweU ( The cytoplasm is slightly fragmented but the nuclear membrane is quite intact and intranuclear detail is clearly visible. The 'background' ofplatelets usually present when this technique is used is not seen in the photograph ( x 1,625).
elements of the blood can be effected by layering the blood on a fluid of known specific gravity followed by rapid centrifugation. The separation obtainable by the use of a fluid of specific gravity of 1 070 is shown in Figure 4 .
Early workers in this field used a concentrated solution of bovine serum albumin, but in 1959 Seal described the use of silicone fluid as an alternative, and, as this has now superseded albumin, it has been studied in this investigation. In 1960, Spriggs and Alexander described an albumin gradient method for separating tumour cells from blood, and this has also been investigated.
Silicone flotation The method studied was that of Seal (1959) modified so that the specific gravity of the silicone fluid was 1-070 and not 1-075 as originally described, and centrifugation was at 2,000 r.p.m. (700 g) and not at 1,500 r.p.m.
In eight experiments the average recovery of white blood cells was 41 % (range 22 %-52%); most of them were lymphocytes. Red cells are completely eliminated by this technique. A dilute suspension of HeLa cells was made up containing between 100 and 200 cells in 0 1 ml. This volume was then added to a specimen of normal blood which, after thorough mixing, was processed. The deposit was smeared on slides which, after fixing and staining, were examined microscopically, all HeLa cells being counted. Recovery figures of 70 % and 79 % were obtained. Figure 5 shows a clump of five HeLa cells and several lymphocytes from a slide prepared by this technique. The HeLa cells are slightly more darkly stained than usual, but the nuclear detail is clearly seen. The cytoplasm of the lymphocytes is slightly fragmented and their nuclei fairly densely stained.
Albumin gradient technique The technique studied was that described by .
In six experiments the average recovery of white blood cells was 14% (range 1 %-29 %). Red cells were completely eliminated.
In six experiments the average recovery of tumour cells was 95 % (range 88 %-105 %). Figure 6 shows a single HeLa cell surrounded by platelets from a slide prepared by this technique. Morphology and staining characteristics are identical with those in the unprocessed specimen.
DISCUSSION
The essential features of a satisfactory technique for isolating tumour cells from the blood have already been outlined. By far the most important property that such a technique should possess is the ability to retain all tumour cells present.
In the present study this property has been investigated in detail. All the techniques studied, with the exception of the dextran sedimentation and iron ingestion techniques, are adequate in this respect. (Fleming, 1963) for the study of circulating tumour cells.
